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1 Introduction
RAN#50 initiated a work item [1] on closed loop transmit diversity with the following objectives: 

The objective of this WI is to specify functionality to enable closed loop uplink transmit diversity. The detailed objectives are as follows

· Support for Closed Loop Beamforming Transmit Diversity

· Confirm performance gains of closed loop transmit diversity and key factors of the feature design. The results shall be captured in an appropriate document, e.g. existing TR or summary document.

· UL Pilot channel structure for uplink channel sounding based on two pilot channels sent from two transmit antennas at the UE

· Investigate tradeoffs between implicit and explicit PCI indication in uplink and the design the related enhancements in uplink control channels

· Control signaling mechanisms, codebook and the related enhancements in downlink control channels
· Power control mechanisms 
· Required modifications to other L1 procedures
· Minimise the influence on HS-DPCCH performance and downlink throughput in soft hand over

· Investigate the interaction with existing UTRA features and CPC in particular 

· Specify the required changes in L2 protocols and related specifications

· Specify the required changes in L3 protocols and related specifications allowing activation and deactivation of closed loop transmit diversity.

Take the following into account in the specification design: 

· As much as possible re-use the existing design for relevant control channels 

· Ensure coexistence with, and minimize the impact on, legacy devices not supporting transmit diversity
· Minimize the impact and the complexity on the terminal and the network
· Facilitate the possible extension to UL dual stream MIMO operation in particular for channel sounding and pilot design, control channel design and power control procedures.
Unlike open loop transmit diversity techniques, which were studied during 2009-2010 [8], closed loop transmit diversity is based on that the network controls the pre-coding weights. This contribution outlines the design choices that need to be captured in the WI. In [3][4]
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 \* MERGEFORMAT [6] several design aspects such as DPCCH pilot design, channel sounding, codebook design, as well as pre-coding selection is discussed. In this contribution we discuss some additional design aspects related to closed loop beam forming. Note that the discussion presented here in part is based on the content presented in the other papers.
2 Design alternatives for Closed Loop Transmit Diversity
This section discusses the RAN1 related design alternatives for closed loop transmit diversity.
2.1 Power control for closed loop transmit diversity
As we discussed in [2] it is necessary for the Node-B to be aware of the relative power ratio between the primary DPCCH (P-DPCCH) and the secondary DPCCH (S-DPCCH). In our view the most straightforward way to achieve this would be to use a semi-static relative power offset between the P-DPCCH and S-DPCCH, i.e. PS-DPCCH = ∙PP-DPCCH. With this approach one inner loop power control (ILPC) loop would be sufficient. Only using one ILPC loop would furthermore reduce the additional complexity in the Node-B. 
Proposal 1: For a UE configured in CLTD a single ILPC loop is used. 

Given that it is agreed to use one ILPC loop it follows that one outer loop power control (OLPC) loop is sufficient. 

Proposal 2: For a UE configured in CLTD a single OLPC loop is used. 

Using a design that relies on one ILPC loop and one OLPC loop will limit the impact to Node-B and the serving RNC (S-RNC). Furthermore, the Iub signalling will be minimized. In fact, the proposed design would enable to S-RNC to handle CLTD UEs in a similar manner as the other UEs. 

2.2 Grant handling and E-TFC selection for closed loop transmit diversity 

In [2] we discussed the two main design options for the DPCCH pilot design. These were: 
· Pre-coded pilots: In this case the DPCCH pilots are pre-coded. The primary DPCCH (P-DPCCH) is pre-coded with the same pre-coding weights as the HS-DPCCH, E-DPCCH, and E-DPDCH while the secondary DPCCH (S-DPCCH) is transmitted with a different pre-coding vector.

· Non pre-coded pilots: In this case neither of the DPCCH pilots is pre-coded and each of the individual DPCCH pilots is transmitted from a separate physical antenna. 
The two possibilities are illustrated in Figure 1 and Figure 2and the pros and cons of the two alternatives are discussed in detail in [2].
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Figure 1: A physical channel layout where all the physical channels and the primary DPCCH are pre-coded with one pre-coding vector and the secondary DPCCH is pre-coded with another (e.g., orthogonal) pre-coding vector. 
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Figure 2: A physical channel layout where all channels except the DPCCH(s) are pre-coded with the same pre-coding vector.
In [2] we highlighted that our preference is to rely on pre-coded DPCCH pilots. One amongst other benefits of pre-coded DPCCH pilots is that the relative power ratio between the DPCCH and another physical channel is independent of the pre-coding vector as long as the same pre-coding vector is used. Thus, the existing scheduling mechanisms (e.g., the relative and absolute grants) can be reused without any modification. Additionally, a design based on pre-coded DPCCH pilots allows the scheduler to be decoupled from the functionality responsible for deciding the pre-coding vectors. 
Proposal 3: If RAN1 agrees to use pre-coded DPCCH pilots the existing grant handling is reused.

Proposal 4: If RAN1 agrees to use pre-coded DPCCH pilots the existing E-TFC selection procedure is reused. 

If RAN1 does not agree that the S-DPCCH is gated and/or transmitted with a lower transmit power than P-DPCCH it could furthermore be worthwhile to consider solutions in which the serving Node-B can (de)activate closed loop beam forming by means of HS-SCCH orders.
2.3 Measurement definitions for closed loop transmit diversity

One difference compared to legacy UE operation is that the UE configured in closed loop beamforming mode will transmit two DPCCH pilots. Thus the definition of certain measurements (e.g., the UE transmission power headroom measurement transmitted in the scheduling information) and events (e.g. Event 6x) may have to be revisited. At this point in time we have a slight preference for utilizing the P-DPCCH transmit power as reference for these.
3 Specification impact

In this section we review the RAN1 specifications with the purpose of identifying the sections that need to be updated. 
3.1 25.211
· In subclause 5.2.1.1 the S-DPCCH needs to be introduced and described. 

· If the S-DPCCH uses orthogonal pilots the pilot bits associated with the S-DPCCH needs to be described. Alternatively we have to specify in TS 25.213 which channelization code that S-DPCCH is transmitted on.

· In subclause 5.3.2.6 it needs to be described how the pre-coding information is generated and encoded on the downlink channel carrying the feedback information (e.g. F-DPCH).

· In section 7 we need to define the timing relationship between the S-DPCCH and the P-DPCCH.

3.2 25.212

· The pre-coding codebook needs to be introduced.

· Possibly, if it should be possible to (de)active closed loop beam forming by means of HS-SCCH orders new order bits needs to be specified in subclause 4.6.C2. 

3.3 25.213

· So far we have not seen any need for modifications.
3.4 25.214

· In subclause 5.1.2.2.1 (or somewhere similar) we need to describe the “out-of-synch” procedures when the quality of the feedback channel carrying the PCI information deteriorates. (i.e. if the feedback is associated with a very poor quality then the UE should not update its pre-coding weight based on the received PCI feedback.)

· The power scaling procedures may need to be updated. 
· Modifications to the random access procedure

· Introduce section that describes when a UE is to transmit S-DPCCH and with which transmit power the S-DPCCH should be transmitted.
· Handling of HS-SCCH orders (if any) for activating and deactiving CLTD
· Possibly introduce a subclause that describes the UE procedures for operation in closed loop transmit diversity mode. This section would describe the general procedures; i.e. how the pre-coding etc. is performed. (cf. subclause 7)

3.5 25.215
· Review whether it is necessary to update the measurement definitions that currently only rely on the P-DPCCH (e.g. UE transmission power headroom).
4 Conclusions
This contribution has discussed a few of the design options that have not been discussed in[3]
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[7]. Based on the discussion we have the following proposals:

Proposal 1: For a UE configured in CLTD a single ILPC is used 

Proposal 2: For a UE configured in CLTD a single OLPC is used 

Proposal 3: If RAN1 agrees to use pre-coded DPCCH pilots the existing grant handling.

Proposal 4: If RAN1 agrees to use pre-coded DPCCH pilots the existing E-TFC selection procedure is reused.

In addition we reviewed the RAN1 specifications with the purpose of identifying which modifications that will be required for supporting closed loop transmit diversity. Generally speaking, closed loop beamforming can be introduced with modest impact to the RAN1 specifications. If, additionally a pre-coded DPCCH pilot structure is adopted the changes to the RAN2 and RAN3 specifications will be marginal. 
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